Non-arteritic ischaemic optic neuropathy (NAION) is one of the most prevalent and visually crippling disease of the middle-aged and elderly. 1 The pathogenesis of NAION is not clearly understood but is probably related to reduced perfusion of the optic nerve head below some critical level. 1 Many risk factors for the development of NAION and indices for its prediction have been proposed. They include diabetes mellitus, systemic hypertension, hypercholesterolaemia, coronary heart disease, chronic obstructive lung HANA LEIBA, RONY RACHMIEL, ALON HARRIS, LARRY KAGEMANN, AYALA POLLACK, MIRIAM ZALISH disease, raised haematocrit and white blood cell counts, and the use of tobacco.2, 3 Acute intraoperative blood loss and ocular surgery have also been associated with the development of NAION.4,5 The reported frequency of second eye attacks varies in the literature. Although Beck et a/.6 found a low incidence, an incidence of 35%7 to 40% 8 , 9 is generally accepted. No systemic risk factor has yet been found to be associated with the involvement of the second eye. 3 ,7 Discs that are crowded with small physiological excavations are at increased risk for the eventual development of ischaemic optic neuropathy.l0-12 Such optic nerve head appearance has been termed 'the disc at risk'Y The Heidelberg retinal flowmeter (HRF) is used to measure perfusion in peripapillary and optic disc capillary beds. The HRF utilises a low-intensity infrared laser beam that scans the fundus. Red blood cells in motion strike the beam, causing some of the reflected light to be Doppler shifted. These shifts are analysed to determine their velocities. The amplitude of the shifts determines the volume of moving blood. Velocity and volume information permit computation of total blood flow. Thus, a map of flow values in the peripapillary area and retina may be drawn. 14 The object of the present study was to determine whether there are specific patterns of blood flow in the optic nerve head in the as yet unaffected eye that can be used to identify the disc at risk.
Patients and methods
The study group comprised 14 patients with unilateral NAION diagnosed at the Kaplan Medical Center, Rehovot, Israel. The diagnosis of NAION was based on: (i) acute painless unilateral loss of vision, (ii) an ipsilateral relative afferent pupillary defect, (iii) optic-disc related visual field defect, (iv) optic disc oedema, and (v) absence of clinical and laboratory evidence of arteritis. Patients were excluded from the study if: (i) NArON had been diagnosed more than 6 months before the study was initiated, (ii) there was any disease or anomaly of the fellow eye, or (iii) they were unable to perform the test. A detailed medical history was taken from all patients. Attention was paid to vascular disorders that may have an effect on ocular blood flow, such as arterial hypertension, diabetes mellitus, ischaemic heart disease, hypercholesterolaemia and arrhythmia. Whenever a thrombotic disease was suspected, the patient was sent for Doppler studies and cardiac echoes. Each patient underwent a complete neuro-ophthalmic examination and blood flow measurement of both optic nerve heads. The HRF,14 a confocal scanning laser Doppler flowmeter, was used for the measurement (in arbitrary units) of three haemodynamic variables: blood flow, volume and velocity. The parameters were computed after selecting square frames of 10 X 10 pixels on the HRF monitor, over the upper and lower temporal rims of the optic nerve head, using a 10° X 2.5° thin rectangular slice of tissue.14 The HRF measurements mostly reflect the circulation within the nerve fibre layer.IS The anterior optic nerve head is mostly supplied with blood from the central retinal artery. However, changes in this layer may reflect changes in blood flow deeper within the nerve head. 16 Comparisons were made between the unaffected and affected eyes, between the unaffected fellow eyes and the healthy control eyes, and between the affected eyes and the healthy control eyes. The control group consisted of 14 eyes of 7 healthy age-matched volunteers. When any systemic disease was suspected, and if blood pressure was recorded to be more than 140/90 mmHg, the volunteer was excluded from the studyY Statistical analysis was carried out using Student's t-test. A p value of < 0.05 was considered significant.
Results
Data obtained from the patients are summarised in Table 1 . The HRF measurements are summarised in Fig. 1 , and the blood flow measurements in Tables 2-4 . Ocular blood flow in the affected eyes of patients in the study group differed significantly from that in the unaffected fellow eyes. The mean flow in the affected eyes, measured in arbitrary units (AU), was 187.12 ± 86.0 AU and 173.37 ± 64.55 AU for the lower and upper rim, respectively, compared with 274.06 ± 112.02 AU and 221.17 ± 80.69 AU in the unaffected eyes (p < 0.025 and p < 0.05 for the lower and upper rim, respectively.
There was also a significant difference in mean blood flow between the affected eyes of patients with NArON and the eyes of the healthy controls (187.12 ± 86.0 AU and 173.37 ± 64.55 AU in the affected eyes for the lower and upper rim, respectively, compared with 372.03 ± 69.14 AU and 346.45 ± 100.57 AU in the controls; p < 0.00005 for both the lower and upper rims). A comparison between the unaffected fellow eyes and the control eyes also yielded significant differences. The mean flow at the lower rim was 274.06 ± 112.02 AU for the unaffected fellow eyes and 372.03 ± 69.14 AU for the controls (p < 0.005). The corresponding values at the upper rim were 22.17 ± 80.69 AU and 346.45 ± 100.57 AU for the controls (p < 0.005). The flow was lower in the upper rim than in the lower rim in most of the tested eyes but the difference was not significant. There were no differences in mean blood flow measurements between the fellow eyes of the controls.
Two patients (nos. 2 and 10, Table 1 ) developed NArON in the unaffected fellow eye during the study, 3 and 4 months respectively after the attack in the first eye. The flow measurements in these 2 patients are summarised in Table 5 . The mean blood flow in the second eye in both cases was lower than the average flow of all the unaffected fellow eyes. 
Discussion
The results of this study show that the blood flow, volume and velocity in the unaffected eyes of patients with unilateral NAION were significantly lower than in the eyes of healthy controls. There was no correlation between blood flow measurements and optic disc appearance, possibly suggesting the presence of another risk factor for development of NAION. The pathogenesis of NAION is unclear. The available evidence points to disturbances in blood flow of the optic Table 5 . Blood flow measurements (arbitrary units) in patients 2 and 10 compared with the average flow of all patients and controls crowded discs and blood flow measurements that were lower than the average flow of the fellow unaffected eyes in this group. Both in the unaffected fellow eyes and in the controls, blood flow in the upper rim of the optic nerve head was lower (though not significantly so) than in the lower rim. This may indicate a zone of susceptibility to infarction and, though not proven, may explain the observation that the superior part of the optic disc is more commonly involved than the inferior part, and that inferior altitudinal field defects are more common. 10, 26, 27 Though conclusions from such a small sample size should be drawn with caution, our findings support the theory that the structure of the optic disc has a role in the pathogenesis of NAION, and add a suggestion that the , disc at risk' has a low blood flow that is unrelated to the crowded nerve fibres. The trigger event for NAION is still unknown, but when it occurs in an optic disc that is predisposed due to nerve crowding or low blood flow, or both, it may lead to infarction.
